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FOREWORD

This report describes work conducted within the Air Force Aero Propulsion
Laboratory, Power Division, Power Systems Branch (POP-1), Wright-Patterson
Air Force Base, Ohio. The work was accomplished under Project 3145, "Aero-
space Power," Task 314501, "Dynamic Energy Conversion for Aerospace," Work
Units 31450127, "Auxiliary Power Unit Simulation," and 31450142, "Computer
Simulation of Auxiliary Power Systems," between July 1974 and November 1979.

This report was submitted by the author, 1Lt Daniel J. Gurecki, in
November 1979. Previous project engineers were Capt John G. Grelck, and
Richard E. Quigley. Final project engineer is 1Lt Daniel J. Gurecki.
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SECTION I
INTRODUCTION

The typical Auxiliary Power Unit (APU) is a small gas turbine, independent
of the main engine, which supplies shaft horsepower and compressed air to start
the main engine and run accessories as needed in the aircraft., APU designs are
typically single-spool or single-spool with power turbine. The need for high
power density in a confined space necessitates use of both axial and centrifugal
designs in the compressors and turbines. Presently there exists a need to
analyze APU's and aerodynamic torque converter configurations in AFAPL.

This report serves to document the previous modifications to the SMOTE
program which have resulted in the APUCODE program. APUCODE simplifies the
SMOTE program to analyze the basic single-spool gas generator while incorporating
options peculiar to APU's. At present, APUCODE analyses only design-point
conditions. In addition, numerous changes have been made to make input and
output pages more readable.

This report is a user's manual for design-point APUCODE. It includes
complete Fortran listing of the code and sample data cases. The code has been
programmed in a straightforward mananer for simplicity and ease of modification.
Comment cards describe the major subdivisions of the main subroutine, APU, and
flowcharts aid the understanding of the program logic.
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SECTION II

PROGRAM DESCRIPTION

1. APU IN GENERAL
APU is the main program subroutine in APUCODE. It controls the use of
subroutines, sequences the logic of the calculations, and prints the output.
The program logic follows the gas path through the APU from inlet to exhaust.
Thermodynamic properties of the flow are computed at the inlet or exit of each
component. Typical computing stations are shown in Figure 1 and defined in
Table 1. Calculations are assumed to be adiabatic. The properties at down-
stream computing stations are calculated from mass-averaged upstream quantities,
and the change in those quantities due to addition or extraction of shaft work
and flow.
2. SEQUENCE OF OPERATIONS IN APU
a. Inlet and Compressors
After printing the INPUT page, inlet conditions are computed from 1962
standard atmosphere. Inlet duct pressure loss is used to compute the total
pressure at the compressor inlet. Throughout the program, at each computing
station, subroutine THERMO provides calculation of gas properties. Work for the
low and high pressure compressors is computed from input pressure ratios, effi-
ciencies, and losses. If only one compressor exists, it will be computed as the
High Pressure Compressor (HPC).
b. Bleed Flows from the High Pressure Compressor
Bleed flows for turbine cooling and accessory power are subtracted from
the HPC inlet flow. The HPC bleed flow can be split into turbine inlet nozzle
cooling, High Pressure Turbine (HPT) cooling, and Low Pressure Turbine (LPT)
cooling. The remainder is bleed air which is lost from the APU flow and used
to power the APU fuel pump, 0il pump and other accessories. Each bleed flow is
accounted for as a fraction of the HPC inlet flow and listed in the program output.
Losses in the bleed ducting are used to arrive at the thermodynamic properties
of the bleed flow when it enters the main flow to serve as turbine cooling air.
c¢. Combustor
The combustor calculates the properties at combustor exit of a mixture
of air and standard JP-4 fuel. The combustor exit temperature, T4, must be input.
Fuel flow and fuel heating value are optional and will be calculated if not
specified. The combustor calculation iterates to a final exit temperature using
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STATION NUMBER

21
22

41

51
52

53

TABLE 1

COMPUTING STATION DESCRIPTION

ambient conditions

low pressure compressor inlet

low pressure compressor discharge

high pressure compressor inlet

high pressure compressor discharge/burner inlet
main combustor discharge

high pressure turbine inlet plus inlet nozzle
cooling

high pressure turbine discharge before cooling
flow has been added

low pressure turbine inlet plus HPT cooling

low pressure turbine discharge before cooling
flow has been added

Tow pressure turbine discharge including LPT cooling
exhaust duct exit
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the Air Force Quadratic Interpolation Routine (AFQUIR). If the calculation fails
to converge, a message is printed to that effect.
d. Turbines

There are three choices for the turbine configuration, see Figure 2: 1) a
one-stage turbine, 2) a two-stage turbine, or 3) a one-stage turbine followed by
a free turbine. The program makes two passes during each case: the first employs
the pressure ratios and efficiencies as input to calculate the shaft work extracted
from the APU; the second pass calculates the turbine pressure ratios necessary to
provide the design APU shaft horsepower. At the end of the first pass, the output
page is printed and control is transferred back to the combustor calculation.
With compressors unchanged, the program continues on the second pass, and prints
the output for the second pass.‘

(1) Turbine Overexpansion

If, on the first pass, the last turbine lowers the turbine exit pressure

to less than atmospheric, an error is printed indicating overexpansion and the
turbine exit pressure is set equal to atmospheric. Then, on the second pass,
pressure ratio in the last turbine is recomputed based on expansion to atmospheric

o

-
R s

turbine exit pressure.
(2) Turbine Cooling
Before output is printed, cooling air modifies the first turbine
inlet nozzles and each turbine exit. It is assumed that the cooling air injected
into the turbine flow does no useful work, thus cooling air is added to the flow
computation after the appropriate turbine exit station. It is then assumed to
mix completely with the main flow and thus perform useful work in the downstream :
turbine. :
(3) Exit Velocity
Flow velocity is computed at the last turbine exit based on the
change in enthalpy from turbine exit to ambient conditions. Thrust and SFC are
computed from this velocity. On the first pass, when turbine overexpansion occurs,
this enthalpy change will be negative; hence, the exit velocity calculation will
be invalid. This velocity and all values dependent on it will be printed out as

III.II
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(4) Peculiarities in the Case of One Turbine Followed by a Power Turbine
Because the power turbine rotates a shaft separate from the compressor-
turbine shaft, the power turbine requires special attention. The power derived
from the main turbine must be exactly equal to the power required by the compressors
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and the accessories. Thus, on the first pass, if the input main turbine pressure
ratio results in this requirement not being satisfied, the correct pressure ratio
of the main turbine is calculated. For this reason, the first pass output
pressure ratio for the main turbine may not be that which was input.

Continuing in the first pass, the power turbine work is calculated
from the input pressure ratio and printed out. In the second pass, the main
turbine is unchanged, and the power turbine pressure ratio is recalculated to
provide the design shaft horsepower.

3. QUADRATIC INTERPOLATION ROUTINE

Throughout the program there are many small loops (for example, thermodynamic
iterations and table lookup) which require convergence. Trial-and-error methods
and linear interpolations can be time-consuming, especially when a tight tolerance
is necessary; therefore, a general interpolation routine called AFQUIR was
developed.

a. Variables

This routine requires a dummy array dimensioned for nine locations. The

other input variables are the independent and the dependent variabtes, the answer
or value which the dependent variable is to converge upon, the number of tries
at convergence, the tolerance, and a variable called DIR.
b. The DIR
The DIR is either set or calculated in the calling program. It is an
initial guess at the direction and percentage change applied to the first value
of the independent variable. If not enough is known to calculate a DIR, an
arbitrary value may be set. This should not affect the final result but may
increase the number of tries at convergence.
¢. The Logic
The DIR, thus, establishes the second value of the independent variable.
This value is used in the calling program to determine a corresponding second
value of the dependent variable. AFQUIR is called a second time with these two
sets of values. A linear interpolation results in a third value of the independent
variable. AFQUIR is then called a third time with all three pairs of independent
and dependent variables and a quadratic interpolation is made. The values of these
three pairs of variables are stored in the dummy array and, henceforth, quadratic
interpolations are made using the three sets which give values closest to the
answer. Values farthest from the answer are lost.




d. Safeguards
Various safeguards are built into AFQUIR which either return the
interpolation method to the initial guess or linear interpolation if the roots
of the quadratic become complex. Complex roots are encountered if the quadratic
does not intercept the answer, if the value of the independent variable differs
radically from previous values, or if two pairs of independent and dependent
variables are identical. It is also possible to preload the dummy array and to
start directly at the linear or quadratic interpolations if desired.
e. Summary
In summary, AFQUIR is a completely flexible routine which performs

quadratic interpolation for quick convergence of general functions. (SMOTE manual,

reference no. 1, pages 11 and 12).
4. THERMODYNAMIC PROPERTIES SUBROUTINES
a. THERMO and PROCOM
Two subroutines are used to calculate thermodynamic properties of the
flow at each computing station. They are PROCOM, which calculates gas properties
for either air or fuel-air mixture, and THERMO, which calls PROCOM and calculates
more complex properties. These subroutines are fairly simple and are listed with
the rest of the code in Appendix B.
b. Use
The use of PROCOM is straightforward, but THERMO may be used in several
ways. If pressure and enthalpy are input, total temperature is calculated. If
pressure and temperature are supplied, enthalpy is calculated. Fuel-to-air ratio
may also be input and taken into account in the property computations. These
options are set by the programmer and are not available as options to the user

from the input deck.
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SECTION III

INPUT DESCRIPTION

1. GENERAL
Subroutine APU is the main subroutine of APUCODE. Its logic is straightforward

and is described at major subdivisions by comment cards. At the beginning of

the code listing, the comment cards list brief descriptions of the program

variables. The complete set of input variables need not be input for any one

case. Variables not input are set equal to their default values as listed in

Section II1I.6. Those parameters which are input override the default values.

2. CARD FORMAT
A1l of the data cards must start in Column 2 or beyond. To start a data case,

punch $INPUT in Columns 2-7 then skip a space and continue by punching the input

parameter names, followed by an "equals" sign and the appropriate numerical value.

Values can be input up to column 72 inclusively. There is no limit to the number

of cards in a data case. Finish the data case by punching a $-sign immediately

following the last value in that data case. The program executes the data case

and returns to read the next case. The program will use values from the preceding

point unless specifically changed in the data case that follows. See example A,

Setup of APUCODE Deck, in Appendix A. To terminate a string of data cases, the

last data case should be: $INPUT IEND = 1%.

3. TITLE CARD
If specified, a title will be printed at the top of each case. To read a

title card, set ITITLE = 1 in the NAMELIST data to which the title applies. The

program then reads Columns 1-66 of the first card following that data case as the

title. Since the program automatically sets ITITLE = 0 after a title has been
read, ITITLE has to be set = 1 only when a new title is desired.

4, ESTIMATES FOR ONE CASE
To compile (CP time)
Input/Output time (10) 23 sec.

Line Estimate 255 lines per case, or 3 computer pages

5. SUBROUTINE DESCRIPTION AND PROGRAMMER OPTIONS
a. ATMOS (ALTP, T1, P1) - Computes temperature and pressure of the 1962

U. S. standard atmosphere up to 90 kilometers.

b. PROCOM (FAR, T1, CS, AKEX, CP, R, PHI, H) - Calculates thermodynamic
gas properties for either air, or a fuel-air mixture based on JP-4.

9

7.2 sec.
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c. THERMO (P, H, T, SOUT, AM, CP, GA, L, FAR, K) - Calculates thermodynamic
conditions based on PROCOM. If K=1, P, FAR, and H are input; if K=0, T, FAR,
and P are input.

d. COMB (PIN, T4, HIN, ETAB, DPB, POUT, HOUT, SOUT, FAR, HV) - Computes
stoichiometric temperature in combustor if heating value for fuel and fuel flow
are not input.

e. COMB2 (PIN, T4, HIN, ETAB, DPB, POUT, HOUT, SOUT, FAR, HV) - Similar to
COMB. Used when fuel heating value is not input but fuel flow is input.

f. AFQUIR (X, AIND, DEPEND, ANS, AJ, TOL, DIR, ANEW, ICON) - General quadratic
interpolation routine. A1l parameters explained in computer listing, see AppendixB.
NOTE: Parameters which are input to the subroutine are underlined.

6. INPUT DESCRIPTION

The following list describes all possible input parameters and, in parenthesis,
their default values if they are omitted:

ALTP - ALTITUDE IN FEET (0.0)

DELTAMB - CHANGE IN AMBIENT TEMPERATURE FROM 1962 ATMOSPHERE (0.0)

DELPAMB - CHANGE IN AMBIENT PRESSURE FROM 1962 PRESSURE (0.0)

DPBLEED - BLEED DUCT PRESSURE LOSS (0.0)

DPB - MAIN COMBUSTOR PRESSURE LOSS (P3-P4)/P3 (0.0)

DPC - INTERCOMPRESSOR PRESSURE LOSS (P22L-P22)/P22L (0.0)
DPD - INLET DUCT PRESSURE LOSS (0.0)

DPT - INTERTURBINE PRESSURE LOSS (P5-P51)/P5 (0.0)

ETALPC - LP COMPRESSOR EFFICIENCY (1.0)

ETAHPC - HP COMPRESSOR EFFICIENCY (1.0)

ETAB - MAIN COMBUSTION EFFICIENCY (1.0)

ETAHPT - HP TURBINE EFFICIENCY (1.0)

ELALPT - LP TURBINE EFFICIENCY (1.0)

ETAM - MECHANICAL EFFICIENCY (1.0)

* HY - MAIN COMBUSTOR FUEL HEATING VALUE AT T4 FOR JP-4

(Optional. If omitted, it is calculated by the combustor
calculation.)

HPDS - DESIGN SHAFT POWER (0.0)

HCSL - HPC SEAL LEAKAGE/HPC FLOW (0.0)

IEND 0 A DATA CASE FOLLOWS

1 THIS IS THE LAST CASE (0)

10
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ITITLE - 0 NO TITLE CARD WILL BE INPUT

1 TITLE CARD FOLLOWS THE DATA CASE (0)
LCSL - LPC SEAL LEAKAGE/LPC FLOW (0.0)
M - NUMBER OF TURBINE STAGES (no default)

1, ONE TURBINE APU DESCRIBED BY HPC INPUT
2, TWO TURBINE APU 1
4, ONE TURBINE DESCRIBED BY THE HPT INPUT AND ONE
POWER TURBINE DESCRIBED BY LPT INPUT
N - NUMBER OF COMPRESSOR STAGES (no default)
1, ONE COMPRESSOR STAGE DESCRIBED BY HPC INPUT
2, TWO COMPRESSOR STAGES
A MULTIPLIER ON PRESSURE VALUES FOR OUTPUT (1.0)
14.7, PRESSURES ARE IN PSI
1.0, PRESSURES ARE IN ATMOSPHERES
* PRHPT - HP TURBINE PRESSURE RATIO (1.0)
* PRLPT - LP TURBINE PRESSURE RATIO (1.0)
PCBLT4 - HP TURBINE INLET NOZZLE COOLING FLOW/HP COMPRESSOR INLET FLOW (0.0)
PCBLHP - HP TURBINE EXIT COOLING FLOW/HP COMPRESSOR INLET FLOW (0.0)
PCBLLP - LP TURBINE EXIT COOLING FLOW/HP COMPRESSOR INLET FLOW (0.0)
PRLPC - LP COMPRESSOR PRESSURE RATIO (1.0)
PRHPC - HP COMPRESSOR PRESSURE RATIO (1.0)
* T4 - COMBUSTOR DISCHARGE TEMPERATURE (DEGREE RANKINE) (must be input,
no default)
f WAENG - TOTAL ENGINE INLET AIRFLOW (1.0)
% WFADS - DESIGN FUEL FLOW (LB/HR) (if omitted,it will be calculated in
f combustor calculations)
The program recalculates those parameters preceded by an asterisk. For this reason,
they must be input for each case if the user desires to keep them the same for each
case.

PRES
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SECTION 1V
OUTPUT DESCRIPTION

1. REGULAR OUTPUT
Qutput for the three typical APU configurations are presented in Example
Cases A, B, and C of the Appendix A. A1l descriptors on the printed output
are designed to be self-explanatory.
a. Two Compressor - One Turbine APU
Example A shows an APU with two compressor stages and one turbine
stage. Fuel flow and heating value are input. Pass 1 output shows that
using the input parameters, the shaft horsepower obtained exceeds the desired
design shaft horsepower. Pass 2 recalculates the pressure ratio of the turbine
to satisfy the design shaft horsepower.
b. Two Turbine APU
If two turbine stages had been used, the program would have recomputed
both HPT and LPT pressure ratios to obtain the design horsepower by preserving
the work-split in the turbines as it was in Pass 1.
c. Example B
Example B illustrates the calculation of fuel heating value when fuel
flow is input.
d. Power Turbine APU
Example C exhibits a power turbine configuration with fuel heating
value input and fuel flow calculated. The input HPT pressure ratio was deficient
so HPT pressure ratio was recalculated on Pass 1. With the input power turbine
pressure ratio, overexpansion occurred. Exit velocity and its dependent param-
eters were computed as being indefinite errors and printed as "I." Pass 2
remedied the problem by recalculating power turbine pressure ratio to achieve
design shaft horsepower.
2. DIAGNOSTICS
Input errors will be indicated for each component when parameters are not
logical. For compressors and turbines, execution stops when an input pressure
ratio is less than 1.0 or an efficiency is greater than 1.0. For: the combustor,
execution stops when input combustor exit temperature or fuel flow is equal
to or less than zero, or when combustor efficiency is greater than 1.0.




a. PROCOM Diagnostics
Subroutine PROCOM generates diagnostics in four cases: 1) when fuel-
air ratio is above 0.067623, 2) fuel-air ratio is below zero, 3) the temperature
input to PROCOM is below 300°R, or 4) the temperature input to PROCOM is above
4000°R.
b. THERMO Diagnostics
Subroutine THERMO halts execution after 15 iterations, if the value of
enthalpy is not within a tolerance of 0.001 percent of the previous enthalpy
guess.
c. Combustor Diagnostics
Subroutine COMB and COMB2 both print a message indicating lack of
convergence of stoichiometric temperature. This message is a direct result of
failure in subroutine AFQUIR. If after 15 iterations the solution to the
quadratic equation for stoichiometric temperature has not been found, execution
stops.




APPENDIX A
EXAMPLE CASES

INPUT CARDS FOR EXAMPLE CASE A

$INPUT ALTP=0., DELTAMB=71., PRES=14.696, WAENG=2.485346, ETAB=.995,
DPC=.01, PRLPC=1.794, PRHPC=6.0, LCSL=0.0, HCSL=.02, ETALPC=.78, DPB=.07,
: ETALPT=.870, T4=2559.67, DPT=0.0, M=2, N=2, WF4DS=0., ETAHPC=.746,
‘ HPACC=9.5, PRLPT=9.418, HPDS=200., HV=18400., ITITLE=1, DPIN=.04,
ETAM=.98, ETAHPT=.8, PRHPT=1.5, DPBLEED=.014$
SAMPLE DATA FOR APU

ot
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£y SAMPLE UATA FOR APU

6% [NPUT VALUES*¢s

ALTITUDE (FT) = 0.
PRESSURE (PSI) = l4.646
DELTA TEMP FROM 1962 ATMOS = 71.,00000

BEGIN INDICATOR = 1]
END INDICATOR = C

3 NO OF CUMPRESSOR STAGES = 2
g NO OF TURBINE STAGES = 1

FLOA = 2.48535

MECH EFF = «38000

. HPACC EXTRACTED FOR ACCESS = 9.50
g DESIGN SHAFT POAER = 165.,0000

INLEY DUCT PRESS LOSS = 404
LPC PRESS RATIO = 1.794

4 LPC EF, = « 78000

| LPC SEAL LEAKAGE = 0,0

§ LPC BLEED., TO BE USED LATER

F INTER-COMP PRESS LOSS = .01
' BLEED DUCT PRESS LOSS =  .0l4

; HPC PRESS RATIC = 6.000
HPC EFFf = . 74600
HPC SEAL LEAKAGE = .02

, MAIN COMB PRESS LOSS =  .07000
| MAIN COMBUSTION EFF = 499500
4 DESIGN FUEL FLOW (LB/HR) = 150.00
y MAIN COMS FUEL HEATING VALUE AT T4 FOR JP4 = 18400.
COMB DISCHARGE TEMP (DEGREE RANKINE) = 2559.67
HPT INLET NOZ COOLING/HPC INLET FLOW = 0.00000

HPT PRESS RATIO = 1,000
HPT EFF = «80
TURB CODLING/HPC INLET FLOwWw = 0.00000

INTER TURHB PRESS LOSS (P5-P51)/P5 = 0.00

LPT PRESS RATIO = 9,418

LPT EFF = «87000

EXHAUST DUCT PRESS LOSS (P53-P1)/P53 = 0.0
LPT COCLING/HPC INLET FLOW = «01000

Example A - 2 Compressor Stages, 1 Turbine Stage !
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*EEINPUT VALUES**+

ALTITUDE (FT) = 0.
PRESSURE (PSI) = 14,696
DELTA TEMP FROM 1962 ATMOS = 71.00000

BEGIN INDICATOR = O
END INDICATOR = O

NO OF COMPRESSOR STAGES = 2
NO OF TURBINE STAGES = 1

FLOW = 2+48535

MECH EFF = «98000

HPACC EXTRACTED FOR ACCESS = 9,50
DESIGN SHAFT POWER = 165.0000

INLEY DUCT PRESS LOSS = .04
LPC PRESS RATIO = 1.794

LPC EFF = « 78000

LPC SEAL LEAKAGE = 0.0

LPC BLEED, TO BE USED LATER

INTER-COMP PRESS LOSS = .01
BLEED DUCTY PRESS LOSS = «0l4

HPC PRESS RATIU = 6.000
HPC EFF = « 74600
HPC SEAL LEAKAGE = .02

MAIN COMB PRESS LOSS = « 07000

MAIN COMBUSTION EFF = » 99500

DESIGN FUEL FLOw (LB/HR) = 190.00

MAIN COM3 FUEL HEATING VALUE AT T4 FOR JP4 = 0.
COMB DISCHARGE TEMP (DEGREE RANKINE) = 2559.67

HPT INLEY NOZ COOLING/HPC INLET FLOW = 0.00000

HPT PRESS RATIO = 1.000
HPT EFF = +80
TURB COOLING/HPC INLET FLOW = 0,00009

INTER TURB PRESS LOSS (P5-P511/P5 = 0,00

LPT PRESS RATIO = 9,418

LPT EFF = «87000

EXHAUST DUCT PRESS LOSS (P53-PL)/P53 = 0.0
LPT COOLING/HPC INLET FLOW = «01000

Example B - 2 Stage Compressor, 1 Stage Turbine
With Fuel Heating Value Calculated
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EXPENDABLE GASIFIEK JFS

S5 INPUT VALUES®S¢

ALTITUBE (FT) = 0.
PRESSURE {PS1) = 14.6906
DELTA TiMP FRGM 1962 ATMOS = 0.00000

BEGIN INDICATOR = 1
ERD INDICATCR = O

NO OF COMPRESSOR STAGES = 1
NO OF TURBINE STAGES = 4

FLCuW = 3.862C0 .

MECH EFF = »G80C0O

HPACC EXTRACTEC FCR ACCESS = 4.00
DESIGN SHAFT PIWER = 230.000C

INLET DUCT PRESS LOSS = .01
LPC PRESS RATIO = 1.000

LPC EFF = 1.0C0CO

LPC SEAL LEAKAGE = 0.0

LPC BLEED, TO BE USED LATER

< TP oA e «

‘ INTEX-COMP PRESS LUSS = 0.00
1 BLEED DUCT PKESS LGSS = 0,000
.é . .
: HPC PRESS RATIC = 2.827
? HPC EFF =  .79200
HPC SEAL LEAKAGE = 0.00
x MAIN COMB PRFSS LOSS =  .12300
i MAIN COMBUSTICN EFF =  ,950C0
2 DESIGN FUEL FLOW (LB/HR) =  0.00

MAIN CH¥3 FUFL KHEATING VALUE AT T4 FOR JP4 = 18400.
COMB DISCHANGE TEMP (DEGREEZ RANKINE) = 2260.00
HPT INLET NOZ COOLING/HPC INLET FLOA = 0.00C50

© e ki t— - e e

HPT PRESS RATIGC = 1.540
HPY EFF = .83
TURB CONLING/HPC INLET FLOA = 0.00000

INTER TURB P%ESS LOSS (P5-PSL)/PH = «02

LPT PRESS RATIO = 1.600

LPT EFF = «85000

EXHAUST DUCT PRESS LSS (P53~-P1)/PS53 = 0.0
LPT CONLING/HPC INLET FLUA = 0.C0000

e of -

Example C - 1 Stage Compressor, 1 Stage Turbine with Power Turbine U
27 g
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APPENDIX B
FLOWCHART AND LISTING
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PRINT
ENDING

=i

i
1
n
L
'
i

3
—

READ TITLE

Y

CALL PROCOM

‘ ; CALL THERMO
(STA 1)

. CALL THERMO
i (STA 2)

PRINT
‘LPC NOT USED'

\1L/

Figure 3 - Flowchart of APU
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ST

baesa s

CALL THERMO
(st 21)

CALL THERMO
(STA 3)

CALL THERMD
(STA 22)

v

Y

CALL THERMD
(STA 3)

CALCULATE
AIR FLOWS

60 TO 1
(READ)

Figure 4 - Flowchart of APU
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CALCULATE
BLEED FLOMS

7

CALL THERMD

[




Dy ——— e e iR a1 —— — T o

} e "

: CALL THEND

3 [CALCUILATE wFe heh
Y \

. .
3 TALCRATE vm—)—d

CALL THERMO
(STA 4)

H
AL coN2
"’ &
i
3
4 /5
1
CUATE
WZZLE
COOLING FLOW
\
CALL THEND
(s 41

Figure 5 - Flowchart of APU
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L G -
.
b,
—

; "%
3 ‘ ' AL TERD
: (STA §)
y
CALL THEND CALL THEND CALL THEND
- (STA 51) (STA 41) (STA 41)
;'-‘ ,:\, ,
] )7 "
CALL TEND ) CALL THENO Y CALL THERND
r (STA 52) (s;as) < (STA 5)
A 4 A 4
CALL TEND CALL THERD
| IS = 2 CIPAS = ) (sTA 51) (STA §) @ .
' y
Y Y Y
CALL THER®D CALL THERD CALL THERND
(STA 52) (st s1) |, (STA 5)
4
\ Y
AL THERD —_—]
. IPAS = 2 (STA 52)
\
f [ CALL THERND
(STA 51)
\r IPAS = )
22
Y CALL RHERMD
(STA 52)
y
CALL THERO
(STA 52) IPAS = 2
Y/
Y \y
1788 = 1
| N
B > ——fﬁs <

b

Figure 6 - Flowchart of APU
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CALL THERND
(STA 52)

O~b

RECALCWRATE
LAST TURBINE

2

Q‘.@:

CALL THERMD
(STA 22)

T

CALL THEND
(STA 53)

CALL THERND
(STA 6)

PERFORNANCE

Figure 7 - Flowchart of APU
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OEFINE
; ouTPYT
: PARAVETERS
- )
PRINT
OUTPUT PAGE ;
r |
:
- |
3 (READ) ,
> '
B[ an
(MAIN
COMBUSTOR) .
i
i

. Figure 8 - Flowchart of APU




OO0 LOCOOOGOODOLUEOOOCOO

PROGRAM APU (INPUT, OUTPJT, TAPZS=TNPUT,

$ TAPEB=0UT”UT)
COYMON /PARAM/ ETA_PC, ETA43C, :TAB, FTAHPT,
$ ETALPT, PRLPC,
1 PRHPC,y DPBy DPT, D2E, DPIN, DPZ, HPACC, HPDS,
$ LCSL, HCSL,
2 PCBLCy Tk, ETAM
DIMcNSION ANUM (2), AWODORD (2), 3WNRD (2), TITLE
$ (11)
REAL LCSL
DATA AWORD / 34ATM, 34°SI /
DATA ANUM /7 3H y 3H 2 /
DATA BWORD /7 3HLP 4 BHAPAZC /
NAMELIST / INPUT / ALTP, DE.PAMB, DELTAMB, PRES,
$ WAENG, PRHPT,
i OP3LLED, DPIN, OPCy, PR.2C, 3F423, LCSL, HCSL,
$ ETALPC, ETAHPC,
2 tTAHPT, ETALPT, T4, OPFT, M, HV, N, ETAB, WF4DS,
$ DOPBy PCBLTY,
3 PCBLHP, ETAM, PCBLLP, ITITLE, 23LPT, HP0OS, HPARZ,
$ IEND
STATION 1 = AMBIENT CONDI1IONS
STATION 2 - LP COMPRESSOR INLET
STATION 24 =~ LP COMPRESSOR DISCHARGZ
STATION 22 - HP COMPRESSOR INLET
STATION 3 = HP COMPRESSOR DISCHARGZ/RURNER INLET
STATION &4 - MAIN COMBUSTOR JISCHARS:
STATION 41 =~ HP TURBINE INLET
STATION 5 = HP TURBINE OISCHAR3Z BEFORE CNOLING FLOW
$ HAS BEN ADDID

STATION 51 = LP TURBINE INLET

STATION 52 = LP TURBINE DISOHARSE BIFORE COOLING FLOW
$ HAS BEEN ADDZD

STATION 53 = LP TURBINE DISCHARSE INCLUDING COOLING
$ FLOW EFFECTS

STATION 6 - EXHAUST DUST EXIT
ALTP - ALTITUDE IN FEET
DPBLEED - BLEED DUCT PXCSSURE L0SS
BLTOTL = HP COMPRESSOR TOTAL BLEE) (FRACTION OF wWA22)
BLTA = HP TURBINE INLET NOZZLE COOLING FLOW (FRACT OF
$ BLTOTL)
BLHPT = HP TURBINE DISIHAXRGE COOLINS FLOW (FRACT OF
] BLTOTL)
BLLPT = LP TURBINZ DESCHARGEZ CIOLING FLUW (FRACT OF
3 BLT1OTL)
Cs = AMBIENT SPefD OF SOUND (°PS)

DELTAMB <= CHANGE IN AMBI:NT TEMI2TPATURF FROM 1962
s ATMOSPHZIRZ
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DZLPAMB = CHANGE IN AMBIENT SRESSURZ FROM 19€2 PRESSURE
GP8B - MAIN COMBUSTOR 3RIS3URFE _055 (P3=P4)/P3

JPC - INTER-COMPRESSOR PRESSUR:Z LOSS (P22L-P22)/P22L
DPIN = INLFT DUCT PRESSURZ LOSS

DPE = IXHAUST DUCT PRISSUR:Z LISS (P53-P1)/P57

oPT - INTER-TURBINE PRESSURE .0SS (P5-PS51)/P5

FAR - FUEL FLOW/AIRFLOW

ETALPC = LP COMPRESSOR TFFIGIENIY

CTAHPC = HP COMPRESSOR SFFIJIENCY

£TAB « MAIN COMBUSTION cFFICIENCY

STAHPT - HP TURBINE EFFICIENZY

ETALPT = LP TURBIN: EFFICIENIY

ETAM = MECHANICAL EFFICIENCY

ETATHM - THERMAL EFFICIENCY

FN/WA = NCT THRUST/TOTAL ENGSINF AIR-.OMW

FG = GROSS THRUST

FN -~ NET THRUST

HS6 = STATIC ENTHALPY AT EXHAJST ZIXIT (8TU/LR MASS)

HV - MAIN COMBUSTOR FUEL HEATING VALUZ AT T4 FOR JP-
$ 4

HPLPC =~ HORSEPOWCR NEEDZD FO LP CIMPRFSSOR
HPHPC = HORSEPOWER NcEDZOD FIR HP COMPRESSOR

HPACC - HOPSEPOWER FEXTRACTED FO ASSESSORIES
HPM -~ SHP EXTKRACTED, CIRRECTED FOR MECHANICAL
$ EFFICIENCY

HPMAMB = SHP EXTRACTED, ZORRZZTED FOR Seles STAMDARD DAY
$ CONDITIONS

HPEXT <~ SHAFT HORSEPOWER EXTRABCTED

HPDS = DESIGN SHAFT POWER

HCSL = HPC SEAL LFAKAGE/H®C =LOA -

LCSL  =LPC SEAL LEAKAGE/LPC “LOA

M - NUMBER OF TURBINE STAGES

1, ONc TURBINZ &Py

2, TWO TUR3INI APY

4, TWO TURSBINS APU, ONE 07 WHIRH TS A POMWER

$ TURBINE

N = NUMBER OF COMPRZISSO STAGES

PCT - DFSIGN POINT WORK LOAD 2:IRNINTAGE PER TURBINE
PRES - A MULTIPLIER ON PRzSSURZI VA_UES FOR QUTPUT
PROA - OVERPALL CORE COMPRESSION RATIO (P3/P2)

PRHPT = HP TURBINE PRESSURT RATIO

PRLPT = LP TURBINt PRESSURE RATTO
PC3LA - ACCESSORY AIR B.Z3D “LOA EXTRACTED FROM 4P
$ COMPRESSOR/
HPC INLET FLOW
PCBLT4 - HP TURBINE INLET NJZZLE COOLING FLOW / HP
$ COMPRESSOR
INLET FLOW
PCBLHP = HP TURBINt EXIT CJOLING SLOW / HP COMNPRESSOR
$ INLET FLOW

41




C PCBLLP - LP TUKBINE EXIT ZOJLING FLOW 7/ HP COMPRFSSOR
b $ INLET FLOW
S PRLPC - LP COMPRESSOR 2:fSSURF RATIO
C PRHPC - HP COMPRESSOR PRESSURI PATIO
C SFCU = UNINSTALLED SPESIFIC FUZIL NINSUMPTTION (LB FUZL/
Cc 3 HR=HP)
L Th - ZOMBUSTOR OJISCHARSE TEM2ERATJRE (DEGRFC
c $ RANKI NF)
C TSé - STATIC T:ZMPERATJRI AT EXHAUST CXIT (DEGReE F)
C THGA = COKE GROSS THRUST PER PIUND TOTAL AIRFLOW
C Ve - EXHAUST EXIT VE.OCITY
5 WA22 - AIRFLOW AT HPC INLET/WAING
C WAENG - TOTAL ENGINE INLET AIF_OW
C WF - FUEL FLOW RATE (LB/SZC)
C WF4DS =~ DESIGN FUEL FLOW (LR/HR)
C WG - MASS FLOW RATE (INSLJDFES FJSL FLUW) (LB/SEC)
C WNLPC =~ WORK OF THE LP COMPRISSIR (3TU/LB)
S WHPC =~ WORK OF THE HP SOM2R:ESSI (BTU/LS)
c i
C *** CUNSTANTS :
DATA Gy, AJy IEND, IP / 32, 174349, 778426y 1, 1 /
PRES = WAENG = PRL2C = PP = ETALPC = ETAHPC
$ = 1. 5
ETAHPT = ETALPT = JTAM = ITA3 = ORHPT = PRLPT = s
$ 1. 3
WF4DS = DELTAMR = DEL>AM3 = JPIN = DPE = 0, 4
DPC = DPT = GPZI = _°SL = 435L = PCBLC = POCBLTHL :
3 = 0. !
PCBLLP = PCRLHP = HPACZ = 4PDS = DPBLEFD = HV = 3
$ 0. g
IPAS = 0 4
IN = I8 = 2

1 RFAD (5, INPUT)
IF (IEND +EQe 1) WRITE (3, 1)D)
IF (IEND +EQe 1) STO?
IF (ITITLE - 1) 2, 3, 3
2 WRITE (6, 101)
GO TO &
3 READ (5, 182) (TITLS(I), =1, 11)
WEITE (6, 103) (TITLE(I), I=1, 11) ,
WRITE (6, 104) i
4 WRITE (6, 105) ALT? !
WPITL (6, 106) PRES . '
WRITE (6, 107) DELTAMR
WRITE (6, 108) ITITLE
WRITE (6, 109) IEN)
WRITE (&6, 110) N
WRITE (6, 111) M
WRITE (65 112) WAENG

LPtpye

Y W

. 42 \




WRITZ (6,
WRITE (6,
WEITE (b,
WRITE (b,
WFITE (6,
WRITZ (6,
WRITE (6,
WPITE (6,
WRITE (6,
WRITE (6,
HWRITE (o,
WRITE (6,
WRITE (6,
WRITE (6,
WRITE (0,
WRITE (6,
WRPITE (6,
WRITE (6,
WRITE (6,
WRITZ (6,
WRITE (6,
WFITE (b6,
WRITE (6,
WRITZ (6,
WRITC (0O,
WPITE (b,
WRITZ (6,
WRITZ (6,
CALL ATMOS
T1

P11 =
CALL PROCOM

c

C *** BEGINNING OF
CALL THERMO

$ Q)
H2 =
P2 =
CALL THERMO

F D)
HPM =

IF (PPLPC ,
5 1IF (N «EQ.

e
C *%* BEGINNING O
p21
RATIOA
WLPC
$ 1.)) 7/ ETAL

it nnm

113) ZTAM
114) HPASC
115) HPDS
116) DOPIN

117) PRL2C
118) FETALPS

119) LCSL
120)

121) 0OfC
122) O0OPB.FED
123) PRH?C
124) ETAHPC
125) HCS.
126) DP9
127) ETA3
128) WF4IS
129) HV
139) T4
131) PCSLTY
132) PRH?T

133) ETAHPT
134) PCB.HP

135) DPT
136) PRL2T
137) ETALPT
138) DP:
139) Pes.LP
140)

(ALTP, Tit, P1)

Ti1 + DELTAMB

P1 + DELPAMB

{0s0y T1y TSy X1y X2y X3y Xby X5)

INLET
(P1, H1, T1, 51, AMWL, ©P1, GA1l, 3, 0.0,

Hi
PL * (1.0 - DPIN)
(P2y H2y T2y S2, AMW2, CP2, GA2y 0y Je0,

0.0

IF (PRLPC +FQe 14d) 30 TN 34

LTe 1e0 oOR, ZTALXZ o5Te 1e9) GO TO 35

IF (PRHPC «LTe 140 «JRe ZTAHPC oGTe 1.0) GO TO 35

1) GO T0 5

LP COMPRISSOR

PRLPC * 22

(GA2 - 1,) /7 5A2

(CP2 * T2 * (((P21 / P2) *% RATIOA) -
Ph
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[ A 9

DOwV

HZ1 = WLPC + H2
CAL. THCPMO (P24, H21, T21, 321, AMW21, CP2i, GA2%,
3 Ly C‘oﬂ’ 1)
GO T0 7
6 P21 = P2
T21 = T2
HZ1 = H2
WLPC = 0,40
7 IF (PRHPC .EN. 1.0) 50 7O 8

*®* BEGINNING OF

HP COMPRISSOR

P22 = P21 % (1.0 - DPC)
H22 = H21
T22 = T21
CALL THERMO (P22, H22, T22, S22, AMW22, NT22, GA22,
$ 0y 0a0,y, O)
P3 = PRHPC * 222
KATIOR = (GA22 - 1.) / 35A22
WHPC = (CP22 * T22 % (((PI 7 P22) *» RATIOH) -
$ 1.)) /7 ETAHPC
H3 = WHPC # H22
CALL THERMO (P3, H3, T3, 33, AMW3, NP3, GA3, J, 4«0,
$ 1)
RATIO3 = (GA3 ~ 1.4d) /7 GA3
G0 T0 9
8 P22 = P24
P3 = P22
T3 = T2
H3 = H21
WHPC = JaC
CALL THERMO (P3, H3, T3, 53, AMW3, CP3, GA3, N, 0.3,
$ D)
9 PROA = PRHPC * PRLPC * (1.0 =- DPC)
*¥#% AIR FLOWS, FRACTIONS JF HWAING,
WA?2 = 1.0
HAZ21 = WA2 * (1.u - .CS.)
WA22 = WA21
WATIRHP = CP3 ® T3 * (((P3 7 21) ** RATIO?) - 1,0)
BLA = (HPALS * ,7008) /7 HAIRH®
PCBLA = BLA / (W22 * WAZNG)
PCBLC = PCBLTL + PCAL4P & PI3LLP ¢+ PCBLA
WA3 = WA22 * (L.0 - HC3. = PCBLG)
IF ((PCBLC +LTe 140)) GO TO 19
PRINT *, “PERCENTS 0% BLE:DU “LOWS «GTe 1e0==HALT
¢ EXECUTION"
GO TO0 1
10 6Ly = PCBLTG * WA22
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BLHPT

PUBLHP * WAZ22

X A BLLPT = PCBLLP * WA22
' BLP = P3 % (1,3 = D3BLIZD)

HPLPC = (WLPC * 4A2 * WAENG) 7/ .70368
HPHPC = (WNHPC * dA22 * WAENG) 7/ 7068
T8 = T3

f CALL THEFMO (BLP, HB, TB, SB, AMNB, CPB, GAB, 0,

‘ $ Uely 0)

' c

F C »¥» BrGINNING OF MAIN COM3USTOR

L, IF (WF4DS oLTe Uel «ORe T4 o.Te Je0 «ORe

$ ETAB4GT«1.0) GO TO 35

4 11 IF (WF4DS +GTe 0e0) 30 TO 14
. IF (HV +GT. 040) GO TO 12
f CAL. COMB (P3, T4, H3, ETAB, IP3, P4, H&4, S&, FARG,
$ HV)
! GO TO 13
. 12 P4 = P3 * (1,0 - D2B)
; F ARG = (o276 * (T4 = T3 ) /7 ((STAB * HV) -
‘ $ (270 * (T4 -
1 THN
CALL THERMO (P&, H&4, Th, 5S4, AMW%, CP4, GAl4, 1,
$ FARL, )
4 F ARY = (CP4 * (T4 = T3)) / ((ETAB * HV) = (CP&4
$ ¥ (Ta - TH )
, 13 WF4 = FARL * WA3
i GO TO 15
1 14  WFG = WFLDS /7 (WAZN3 * 38070,)
3 FARL = WF4 /7 WA3
. P4 = P3 * (4,) - D2B)
! CALL THERMO (P4, H4, T4, 34, AMWL, CP4, GA4, 1,
$ FARG4, 0)

IF (HV +GT, 0.) GO TI 15

IF  (HV «EQe Qeu) HVY = ( (C2% * (ThH = T3) / FARGL) +
$ CP4 * (T4 =~
1 T3)) 7 ETAB

CALL COMB2 (P3, T4, 43, ZTAE, DP3, P4, HW, S&, FARG,

-

$ HV)
v 15 WG4 = WA3 + NWF4
Puy = P4
WGh1 = WG4 + BLTH
FARG1 = WFL ¢/ (WA3 ¢+ RLTY)
Ha4i = (H4 * WGh + HB * BLTY) /7 WGH1

CALL THERMO (P41, Hel, Th1, Ski, AMHGLI, CPLYL, GAGYL,
$ 1, FARLL, 1)

IF (BLTL +LEe 043) THL = T4

IF (PRHPT «LTe 140 4JRe ETAHAT o57Te 1.0) GO TN 37

IF (PFLPT oLTe 160 oOFs ZTALPT oGTe 100) GO TO 37

IF (M +tQ¢ 1) GO TO 16

IF (M ,fQes 2) GO TO &8
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2 vt i

IF (M +EQ. 4) GO TO 29

PAPNAPENN
QO

s»% ONt TURBINE APU

16 PS5 = PLg
PRHPT = P41 / PS
HS = H4l
1% = Tl
FARS = FARL1L
CALL THERMO (PS, HS, TS5, 35, AMW3, CPS5, GAS, 1,

$ FARS, 1)
P51 = PS5
HEL = H5
751 = 15
WG51 = WG4
FARS1 = FARL1

CALL THFRMO (P51, H51L, T51, S51, AMW51, P51, GAS51,
$ 1, FARS1, 1)

IF (HPM oNEs 0euL) GO TD 17

RATIO = (GA51 = 1.0) /7 GAS51

TWORK = ETALPT * CPS51 * [51 % (1.0 = ((1.0 /
$ PRLPT) **
1 RATIO))
DHTL = TWORK
H52 = H51 = DHTL
P52 = P51 / PRLPT
HPLT = (TWORK * WG51 * WAEN3) / +7"b8
! HPEXT = HPLT = H2LPC - HPHYPC
: HPM = (HPEXT = HPACZ) ¢ ETAM
B PCTY = Ds0
, PCT2 = 140
i IPAS = 1
e | GO TO 23
i3 17 HPBTU = ((HPACC + (HPJS 7/ ETAM)) * ,7C68) /
g $ (WG51 * WAENG)
‘-{ DHTL = HPRTU ¢ (((H3 = 422) * WA22 + (421 - H2)
I $ % WA2) /
1 WG51)
HE2 = HS1 = DHTL
P52 = PS4 * (1,0 = (DHT. 7 (ETALPT * P51 %

$ TS51))) ** (GAS1 \

1 / (GAS1 = 1,.,0)) }
CALL THERMO (PS2, H52, T52, 352, AMW52, CP52, GAS52,

$ 1, FARB1, 1)

TWOKK = DHIL
MPLT = (THORK * WG51 * 4AEN3) / o768
HPEXT = HPLT = HPLPC = HPHPC
PATL = 040
PCT2 = 1.0
: HPM = (HPLXT = HAC3) * ETAM o
‘ IPAS z 2
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GO 10 23

C #*% TWO TURBINF APU
18 CALL THERMO (P41, HLiy T4, SL1, AMWG1, CP41, GAL1,

19

$

[ -

[ -

1, FARL1, 0)
IF (HPM oNEe 0.0) GU TI 13

KATIO = (GA41 - 1.J) /7 GAuWi
THWORK = ETAHFT * CPuL1 * T41 * (14U = ((1e0 /
PRHPT) **
RATIO))
DHTH = THWORK
HS = H4l - DHTH
PS5 = P41 /7 PR4PT
CALL THERMO (PS5, 45, T5, 55, BAvWd3, CP5, GAG, 1,
FAR41, 1)
P51 = PS5 * (1. - D>7T)
WG51 = WGL1 + 3LHPT
HS51 = (H5 * WGWi + 4B * BL1PT) / HWGH1
FARS1 = WF4 / (W351 = WFY%)
CALL THERMO (P51, H51, T51, S51, AMWS1, CPS51, GAS51,
i, FARS1, 1)
RATIO = (GA51 - 1.0) 7 GA51
DHTL = ETALPT * C951 * [51 * (f.u = ((1.9 /
PRLPT) #*
RATIO))
H52 = HS1 = DHTL
P52 = P51 / PRLPT

CALL THERPMO (P52, H52, T52, 352, AMW52, CP52, GAS2,

1, FARG1, 1)

PCT1 = DHTYH 7 (DHIH & DHTL)

PCT2 = DHTL /7 (JHTH ¢ DHTL)

IPAS = 1

HPHT = (THWORK * W341 * WAENG) / .70¢8

HPLT = (DHTL * 4G531 * WARENG) / .7068

HPEXT = HPHT = H3HPC ¢+ H2>_T = HOLPC

HPM = (HPEXT - HPAC3Z) * ETQM

GO 70 23

HPRTU = ((HPACC ¢ (HPJIS / ETAM)) * ,7168) /
(WGL1L * WAENG)

DHALL = HPBTU + ((H3 = H22) * WA22 + (H21 - H2)
* WA2) / HGRKi

DWORKHT = DHALL * (PCT1) * WG4l * WAENG

FARS = FARG41

CHTH = DWORKHT 7 (WG4¥1 * WAZING)

HS = H41 = DHTH

PS5 = P4l * (1,0 -~ (DHTH /7 (FTAHPT * P4y *

Ta1))) *% (GA4LL

/ (GAL1 -~ 1,.,0))
CALL THERMO (P5, H5, T3, 55, AMA3, NP5, GAS, 1,
FARS, 1)
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c

3
1

PRHPT P4t 7 P5

P54 = P5 * (1.9 = D7)

WGS51 = WuL4l ¢ B_HPT

H51 = (HS ¥ HWG41 ¢ 48 ¥ BL4PT) / WGHL

FARS51 = WFL /7 (H351 = WF%)

CALL THCRMO (P51, H»t, THi, 351, AMWS51, CPY1, GAS1%,
i, FARSG1, 1)

DWORKLT = DHALL * (PRLPT / (PR4PT * PRLPT)) * NWGS1
¥ WAENG

DHTL = DWORKLT /7 (WG31 * WAING)

H52 = H51 = DHTL

PS2 = P51 * (1ey = (JHT. 7 (ETALPT * CP54 *

TS1))) *¥ (GAS1
7 (GAS1 - 1.0))
CALL THEPMO (P52, H52, T52, 552, AMWS52, CPE2, GAS2,

g
»

$ 1, FARS1, 1)
PCT1 = DWORKHT /7 (DWORKAT + DWORKLT)
PCT2 = DWORKLT 7 (DWIRKAT 4+ DWORKLT)
HPHT = DWORKHAT 7 <7058
HPLT = NDAWORKLT /7 ,7058
HPEXT = HPHT = HPHP{ + HALY = HPLPA
HPM = (HPEXT = HPACJ) * ETAM
IPAS = 2
G0 TN 23
*%x TWO TURBINE APU WITH JINZ O0F THI TURBINES A POWER %
$ TURBINE .
20 CALL THERMO (P41, H4L, TLl, S41, AMWL1, CP&41, GALI,
3 1’ FAR“i, L)
RATIO = (GA41 = 1,0) 7 GARW1
THWORK = ETAHPT * CPL1 * ThLY * (1.0 - ((1.,3 /
$ PRHPT) **
i RATIO))
DHTH = THWORK
HS = H4i - DHIH
PS = P4l /7 PRAPT
CalLL THERMO (P5, H5, T54 S5, AMWH5, CP5, GAS5, 1,
$ FAR4L1L, 1)
HPHT = (THHWORK * WG4] * WAENG) / +70n€8
HPTT = HPHT =« H2ACC =~ HPHPZ = HPLPC
IF (HPTT +GEe Ue0) 6D TO 2%
HPBTU = (HPACC * ,7038) /7 (W341 * WAENG)
DHTH = HPBTU + (((H3 = 422) * WA22 + (H21 - 42)
$ * WA2) /
i WoLl)
HS = Hi41 - DHIH
PS5 = P41 ¥ (1e0 - (DHITH 7 (ETAHPT * P4y *
3 TLL))) ** (GA4L
1 /7 (GA4LL1 - 1,C))
CALL THERMO (P5, HS5, TS, 35, AMW5, CPS5, GA5, 1,
$ FARLL, 1)
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PRHPT = P41 / PS
PRINT *, “PFESSURE RATID CALSJLATED AS NEEDED FOR

$ HPT"
21 P54 = P5 * (1,) - 037)
WG51 = WG41 + BHPT
H51 = (H5 % WGl ¢ 4B * BL4PT) /7 UGSH
FARS1 = WAF4 7 (W351 - WFL)

CALL THZRMO (P51, HS1, T51, 351, AMW51i, CP51, GASH,
3 1, FAREL, 1)
IF (HPM o,Nte. 0.7) GO TO 22

RATIO2 = (GAS51 - 1.0) 7 GAS51

THORK = ETALPT ® CP51 * 161 % (1.0 - ((1.9 /
$ PRLPT) *+
1 RATIO2))

DHTL = THORK

H52 = H51 - DHTL

P&2 = P51 / PRLPT

CALL THERMO (P52, H52, T52, 552, AMW52, CP52, GAS2,
$ 1, FARSL, 1)

HPZXT = (TWORK * WG51 * WAFN3) / ,7068
HPLY = HPEXT
HPM = HPEXT * ZTAM
DWORKHT = DHTH * W34l * WAZING
DHWORKLT = DHTL * W3531 * HWASENG
PCT1L = DWORKHT /7 (DWIRKHT + DWORKLT)
PCT2 = DWORKLT 7 (DWIRKAT + OWNRKLT)
IPAS = 1
60 T0 23
22 DHTL = ((HPDS /7 ETAM) * ,7058) /7 (WGS1 ¥ HWAENG)

CALL TH:zRMO (P52, HS52, T52, S52, AMW52, CPS52, GAS52,

14
§ $ 1, FARS1, 1)
~ P52 = P51 % (1.0 - (DHTL 7 (ETALPT * CPS51 *
4 $ TS1))) ** (GASY
] 1 7 (GAS1 = 1,0))
: H52 = H51 = DHTL
‘ TWIRK = DHTL
HPEXT = (TWORK * W351 * 4AFNS3) 7/ .7068
HPLT = HPEXT
DWORKHT = DHTH * W341 * WASNG
DWORKLT = DHTL * W351 * WAZING
PCT1 = DWORKHT 7/ (DWIRK4T + DHWORKLT)
PCT2 = DWORKLT 7 (DWIRK<T + DWORKLT)
HPM = HPEXT * ZTAM
PRLPT = P51 / PS?2
‘ IPAS = 2
‘ GO TO 23
} - c x
. I C **# LOW PRSSSURE TURBINE IR POWER TURIINE EXIT, WITH ‘
' c $ COOLING FLOW,
} . 49




t c IF ANY, PLUS STATION 5 CALCULBTTON,
23 PPRLPT = P51 / P%2
P52 = P51 /7 PR.PT
CALL THERMO (P52, H52, Tu2, 552, AMWS52, CF52, GAS52,
$ 1, FARS1, 1)
PE3 = P52
IF (IPAS .EQ. 1) GO TO 27
IF (P53 +GEe. P1) GO TO 27

3 ON 2ND PASS WHEN 4ORK REAJIRID CAUSES
: c $ OVERE XPANSION OF _AST
2 c TURBINE, ASSUME THZ TJRBINT FXPANDS ONLY TO
3 c $ ATMOS PHERI Co
PRINT *, “P53<P1,LPT OVEIXPANDID, SET P53=Pi,
$ RECALS WORK®™
P53 = P52 = Pt
REPRTL = P51 7 P52
RFTIO = (GA51 = L.) / GAS51
5 REWORK = ETALPT * CP51 * [51 * (1o = ((1e /
3 $ REPRTL) ** RETIO))
- PRLPT = REPRTL
2 H52 = H51 - REAORK
- HPRL = (RCWORK * WG51 * AAZN3) 7 7068
1 IF (M +GT. 1) GO TO 24
: HPEXT = HPRE = HA_LPZ - H24PC ;
HPM = (HPEXT - HPAG2) * ETAM ;
A GO TO 26 '
: 26 IF (M .6T. 2) GO TO 25
: HPEXT = HPHT - HPHPC + HIE - HOLPC
HPM = (HPEXT = HPACJ) * ETAM
o PCT2 = HPRE 7 (4PRE + HIHT)
L GO TO 26
g | 25 HPEXT = HPRE
sall PCT2 = HPRC / (4PHT + HPRE)
4 HPLT = HPEXT
¥ | HPM = HPEXT * ITAM
. 26 CALL THERMO (P52, H52, T52, 352, AMWS2, CP52, GA5?,
1 3 1, FARS1, 1)
c ON 1ST PASS, IF LAST TURBINF NOT
c $ OVE RE XPANDED,
27 ©Sp = P1
c LAST TURBINE EXIT COILIN3 CALCULATIONS
WG53 = WG51 ¢ BLLPT
H53 = (H52 * W351 ¢ HB * ILLPT) / WES3
| FAR53 = WF4 / (W353 = WF4)
E CALL THFRMO (P53, H53, T53, 353, AMW53, CP53, GAS3,
$ 1, FARS3, 1) ,
RTIO053 = (GAS3 = 1.) / GAS3
1 OPE = (P53 = P3B) / °53 }
: TS6 = 153
CALL THERMO (Psoy HS3, TS5, SS6&, AMW6, CP6, GAb, 1,
$ FARS3, U) .
50 ,
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DELNOZ = HS53 * (1, - (21 /7 P53) %+ RTIO053)
Ve = SQRT(2 * G * (DELNO7) * AJ)

HG6 = WG53

FARS = FARS53

(¥
C **% PERFORMANCE CALCULATIONS

THGH = V6 * HGB 7/ G

FNQWA = THGG /7 WA2

SFCU = WF4 * WAING * 3600 7 HPM

FG = THGEG * WAZNG

FN = FNQWA * WAENG

ETATHM = HPEXT #* 350, /7 (AL * WAENG * HV * AJ)

C
C *** DEFINE OUTPUT PARAMETZIRS

XWA21 = WA21 * WAZING
XWA22 = WA22 * WAENG
XWAZ = WA3 * WAING
XWG4 = WGL * WAING
XWG41 = WGL1 * WAENG
XWG51 = WGH1 * WAENG
XWG53 = WG53 * WAENG
XWG6 = WG6 * WASNS
XWF = WFL4 * WAINS * 3617,
XPq = P1 * PRES ;
XP2 = P2 * PRES :
xP21 = P21 * PRES ;
XP22 = P22 * PR3S
XP3 = P3 * PRES
XPY = P4y * PRES
XP41 = P41 * PRES
XPS = P5 * PRES \
 XPS51 = P51 * PRIS
XP52 = P52 ¥ PRIS
X953 = P53 * PRIS
XPS6 = PS6 * PR:S
CF2 = (WA2 * WAENG * SQ_T(T2 7 T11)) /7 (P2 /
$ P1)
CF21 = (XWA21 * SART(T2L 7 T11)) /7 (P21 7 P1)
CF22 = (XWA22 * SQART(T22 7/ T11)) 7/ (P22 7 P1)
CF3 = (XWA3 * 3QW(T3 7 Ti1)) 7 (P3 7 P1)
CF4 = (XWG& * SQRT(T4 7 T11)) /7 (P4 7 P1)
CFu1 = (XWGLL * SART(T4L 7/ T11)) 7/ (Pui /7 P1L)
CF51 = (XWGS51 * SART(TSL /7 T11)) 7/ (PSL / P1)
CF52 = (XWGS51 * SQRT(T52 / T11)) /7 (P52 / P1)
CF53 = (XWG53 * SQRT(TS53 /7 711)) 7 (PS3 7 P1)
CFb = (XWG6 * SQRT(TS6 7 TL1)) /7 (PS6 / P1)
CFF = XWF4 / ((P& / P1) * SQPT(T& 7 T11))
HPMAMB = (HPEXT * SQRT(T1 7 518467)) 7 (P1 / 1,0)
THETAL = T1 /7 T11 {3
51
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THETA2 = T2 / T11
THETAS = T3 / T11
THETA21 = T21 / Ti1
THETA22 = T22 / Ti1
THETAW = Th 7/ T11
THETA4L = T4l /7 Tit
THETAS = T5 / Ti11
THETAS1 = T51 / T11
THETAS2 = T52 / Tii
THETAS3 = TF3 / T11
THETA6 = .S6 / Tit
DELTAL = 21 7 P1
DELTAZ = P2 / P%
DFELTA21 = P21 7 P
DELTA22 = P22 / P4
DELTA3 = P3 / P1
DLLTAG = P4 / P31
DELTA41 = P4l / P1
DELTA5 = P5 / P1
DELTA51 = P51 / Pi
DILTAS2 = P52 / Pi
DELTAS3 = P53 / P1
DELTAG = PS6 / P1
T1 = T4 = 459,57
12 = T2 - 459,67
T21 = T2l = 453,57
T22 = T22 = 459,57
T8 = T8 - 653,567
T3 = T3 - 459,67
Te = Th - 459,67
Tul = Thi = 853,67
L = 15 - 459,67
751 = T51 = 453,67
152 = 152 = 453,67
753 = T53 = 453,567
TS6 = TS6 - 453,67
##% WRITE OUT THE OUTPUT 2AGF
IF  (PRES «GTo 140) IP = 2
IF (ITITLE «EQe u) GJ TO 28
WRITE (6, 141) ANORD ([?)
GO TO 29 |
28 WRITE (6, 142) AWOID (I?)
29 ITITLE =9
WRITE (6, 463) XPi, Ti, H1, DI.TAL, THETAL
IF (PRLPC «LEe 143) 50 TD 30
WRITE (6, 4144) XP2, T2, H2, WAENG, CF2, DELTAZ, :
$ THETA2, ETALPC, :
1  SRLPC, DPIN :
WRITE (6, 145) XP21, T2L, 421, XWA21i, CF21,

$ DELTA21, THETAZi,
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IF (PRHPC +LE. 1.0) 50 TO 31
WRITE (b, 131L6) XP22, T22, 422, XWA22, CF22,
OLLTA22, THETA22,

ETA4PC, PRHPC
IF (PRHPC «LEs 1,C) IB = 1
WRIfcC (6, 1647) SQWORD (I3, XP3, T3, H3, XWA3, C-3,
DELTA3,

THETA3, PROA
WRITE (o, 148) XP4, T4, H4, XA34, GF&, DELTAGL,
THET A4, FAR4,

ETAB, OPB
IF (M ,EQ« 1) GO TO 32
WRITE (6, 149) XP41, T41, 441, XWG41, CF4i,
DELTAL1, THETA4W1,

FAR41y ETAHPT, PRH>T
WRPITE (6, 150) XP5, T&5, H&5, XW34%1, CF4i, DELTAS,
THETAS, FAR41,

oPT
WRITE (6, 151) XP5i, T51, 4531, XW/51, CF51,
DELTAS1, THETAS1,

FARS1
IF (M ,EQe 1) IN =1
WRITE (6, 152) ANUM (IN), XP51, TH1, H51, XW0GS51,
CF51, DELTAS1,

THETAS1, FARS1, ETALPT, PR.PT
WPITE (6, 153) ANUM (IN), (P52, T52, H52, XWGF1,
CF52, DELTAS2,

THETAS2, FARS1 .

WRITE (by, 154) ANUY (IN), X253, T53, HS3, XWG53,
CF53, DELTASB3,

THETAS53, FARS3
WRITE (6, 155) XPS>, T35, 456y YXWG6, CFf, DELTAB,
THETAS, FARG,

OPE ,
WRITE (6, 156) ALT? i
WRITE (6, 157) CS : :
WRITE (6, 158) DELTAMS
WRITE (6, 159) DNEL2AMR
WRITE (6, 160) N
WRITE (b, 161) M
WRITE (6, 162) HPDS ;
WRITE (6, 163) HPEXT ;
WRITE (6, 164) HPMAMB ;
WRITE (6, 165) HPM
WRITE (6, 166) HPA3SS ]
HRITE (6, 167) HPLAC '
WRITE (6, 168) HPHRPJ
WRITE (b6, 169) XWF4
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WRLTE (64 170) CFF

WRITE (6, 171) HYV

WFIVE 6, 172) HWLP3

WRITE (6, 173) LCSL

WKITE (6, 174) WHP3

WRITE (6., 175) HCS.

WRPITE (6, 176) PCTY

WRITE (6, 177) HPAT

WRITE (&, 178) PCT2

WRITE (6, 179) HPLT

IF (M +EQe 4) WRITE (B, 180)
WRITE (6, 181) FN

WRITE (6, 182) FG

WRITE (6, 183) FNQ4A

WRITE (6, 134) ETATYM

WRITE (6, 185) V6

WRITE (64 186) SFCY

IF (IPAS «NEs. 2) GO TO 33

DPE = 0.0

PRHPT = 1.9

PRLPT = 1,0

HY = 18400.,0

GO TO 1

Ti = T4 + 459,67

T2 = T2 + 459,67

T21 = T21 ¢+ 453,57

T22 = T22 ¢ 453.57

T6 = TB + 459,67

T3 = T3 + 459,67

Tu = Th + 459.67

GO TO 11
EPPOR STATEMENTS

WRITE (6, 187)

Go To S

WRITE (6, 188) PPLP3, PFHP3, ZTALPC, FTAHPC
sSTOP

WRITC (69 189) WFGDIS, T4, :TAS
sTO0P

WPITE (6, 190) PRHPT, PRILPT, ETAHPT, ETALPT
STOP

FORMAT ( 7 /7 , 33X, %BHTHIS POGRAM WAS DEVELOPED

$ BY COMPONENT

1S BRANCH , 23HTURBINE £NGINZ )TVISION,

$ 264MODIFIED RY PO
2WER DIVISION, 42H U.S.
3 LABORATORY )

/7 5 34X,

AlR FORJE AERO PROPULSTUN
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1J1 FORMAT ( 1H1, 20X, 1B8H*¥FIN>UT VALUES®** )

102 FORMAT ( 11A6 )

103 FORMAT ( 1HL / 1H , 40X, 1135 )

104 FORMAT ( 1HO, 20X, LSH®*FINDUT VALUCS*** )

105 FORMAT ( / / 5 55X, 1B6HALTITUDZ (FT) = 4, F3,0 )

106 FORMAT ( 5X, 17HPRISSURE (PSI) = 4, F6.3)

117 FORMAT ( 5X, 29HDELTA TIMP ~0M 1962 ATMOS = , F8.F
%)

108 FORMAT ( /7 4, 5Xy 1BHBEGIN INDICATOR = , I )

169 FORMAT ( 5X, 1oHEND INDICATOR = , 71 )
110 FORMAT ( 7 , 55Xy, 25HNO OF ZOMPRESSOR STAGES = , It

$)

111 FORMAT ( 5X, 23HNO 9F TURBINE STAGES = , I1)

112 FORMAT ( / 4 SXy 74F.0Ad = 4, F1J:5 )

113 FORMAT ( 5X, 11HMECH ZFF = , F8,5 )

114 FORMAT ( 5X, 23HHPACC ZXTRASTFD FOR ACCESS = , Fi4e2
3)

115 FORMAT ( 5X, 21HDESIGN SHAFT POWER = , Fi0ed )

115 FORMAT ( 7/ , 5X, 24%HINL:T JUCT PRESS LOSS = 5 F4e2
$)

117 FORMAT ( 5Xy, 18HLPGC PRES3 PATIO = 4 F5¢3 )

118 FORMAT ( 5X, 1uHLPC EFF = , F8.5 )

119 FORMAT ( 5X, 19HLPC SEAL LEAXKAGE = , F3,1 )

120 FORMAT ( 5X, 27HLPC 3LEFJ), IO 3% USED LATER )

124 FORMAT ( /7 , 5Xy, 2%HINTZ=COMP PRESS LOSS = 4 Fhe2
$)

122 FORMAT ( 5X, 24HBLSED DUCT 2RESS LOSS = 4 FBed )

123 FORMAT ( / , 5X, 18HHPC PRISS 2ATIO = , F5.3 )

124 FORMAT ( 5X, 10HHPC EFF = , FRe35 )

125 FORMAT ( 5X, 19HHPC SIAL LFAKAG: = , Fhe2 )

126 FORMAT ( 7 4, 5X, 23HMAIN COMB 2RESS LOSS = , FB.5

)
127 FORMAT ( 5X, 22HMAIN COMBUSIION EFF = 4, F845 )
1286 FORMAT ( 5X, 27HDESIGN FJEL FLOAd (LB/HR) = 4, FHe2 )
129 FORMAT ( 5X, 45HMAIN COM3 FUEL 4EATING VALUE AT T4
b FOR JPh =,
Foefl )
139 FORMAT ( 5X, 39HCOMB ODISCHARGE TEMP (DEGREF

i
4
:

= &

$ RANKINE) = 4 F742 )
134 FOIMAT ( 5X, 39HHPT INLZT NIZ COIOLTING/HPC INLET
$ FLOW = 4, FB8e45 )

132 FORMAT ( /7 4, 55Xy 13HHPT PRZISS RATIO = 4, FBe3 )

133 FORMAT ( 5Xy, 1IHHPT =ZFF = , 5,2 )

134 FORMAT ( 5Xy 30HTUR3 COOLIN3/HPZ INLET FLOW = ,

$ F8.5 )

135 FORMAT ( /7 , 55X, 35HTINTZR TURB PR7SS LOSS (P5=P51)
$ /P5 = 4, F5.2

)

136 FORMAT ( / , 5X, 13HLPT PRZISS RATIO = , F5.3)

137 FOIMAT  ( 5Xy, LUHLPT EFF = 4, Be5 )

o s L
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138 FORMAT ( SX, 39HEXHAUST JUCT PRPZISS LOSS (PS3-P1)/
$ P53 = 4, F3Iel )

139 FORMAT ( SX, 29HLPT TOOLING/HAPC INLET FLOW = , F84.5
$)

140 FORMAT ( 1H1, 52X, 19H***QUTPUT VALUES*** )

141 FORMAT ( 1HO, 9X, 2LHSTATION PRESSURF=4 A3, 2X,
$ 29HTEMP-DEG.
1F ENTHALPY FLOW, 3X, L2HZIR ~LOW DELTA

$ THETA FUEL/AIR
2 EFF, 2X, 18HPRSSS RATIO OFL P )

142 FOXIMAT { 1H1, 9X, 2LHSTATION PRESSURE=-, A3,y 2X,
$ 29HTEMP-DEG,
iF ENTHALPY FLOW, 3Xy, 42H30R “LOMW DELTA

$ THETA FUEL/ZAIR
2 CFF, 2X, 18HPRFSS RATIO DEL P )
143 FORMAT ( 1H , oXy 94AMBIINT 4 3X, FB8.3y, S5Xy F842,
IXy FBe2y
21Xy F7.3y 2Xy F7e3 )
144 FORMAT ( 1H 4, 6X, 13HLP ZOM? TINLET, 4X, F8.3, 5X,

-

$ FB.2, 3X,
1 FBe2y, 2Xy F7e3y 3Xy F7e3y 2Xy “Te3y 2Xy F743, 12X,
$ F7.5, 2X,
2  F743, 2Xy F7e5 )
145 FORMAT ( 1H , ©6X, 12H4LP 30M3 EXIT, 5X, F8.%, EX,
$ FB8e2y 3Xy FBe2,
12X, F7e43y 3Xy F7e3y 2Xy F7e3y 2Xy F7e3, 3NX, F745
$ )
146 FOIMAT ( 1H , 66X, 13HHP SOMP INLET, 4X, FB8e3, 5X,
$ F8e2y 3X,
1 FRe2, 2Xy F7e3y 3Xy FT7e3y 2Xy 743, 2X, F7e3, 12X,
3 F7.5, 2X,
2  F7¢3)

147 FORMAT ( 1H , 66Xy A3, 134C042 =XIT/, 7/ 1H 4 B8X,
124BURNER INLET

1y 33Xy FB3e3y 5Xy FBe2y IXy “Be2y 2Xy F7439 3Xy F743,

S 2)(, F7.3’ 2)(,

2F743y 21Xy F743 )
148 FORMAT { 1H 4 oXy 1LH3URNER EXIT, 6X, F8e3y 5X,
FB8e2y 33Xy FBe2,

2Xy FTely 3Xy F7e3y 2Xy F7e43y 2Xy F7e3y 2X, FBe5,
2Xy F7.5,

11X, F745 )
149 FORMAT ( 1H , 66Xy 12HTURPR 1 [IMLZT, 5X, FB8e3, FX,
FB8e2y 3Xy FBe2y

2Xy F7e3y 3IXy F7e35 2Xy F703y 2Xy F7e3y 2%y FBe5y
22Xy F7e5,y 2X,

F7¢3 )
F ORMAT ( 1H 4, AXy, 1LHTUR3 1 ZXIT, 66X, FB8.3, 55X,
F8e2y 3Xy FBa 2y

2Xy9 F7e39 3Xs F7e3y 2Xy F7e3y 2Xy F7e3y 2X, FBe5y
2(Xy F745 )

w»
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151 FORMAT ( 1H , 6Xy 1LHTURB 1 EXIT, 7/ 1H, 8X,
12HPLUS COOLING,

33Xy FB8e3y 55Xy FB8a2y 3IXy FBy 2y 2Xy F7e3y 3IXy F763,
2Xy F7e3y 2%,

F7¢3y 2Xy FB8e5 )

162 FOIIMAT { 1H 4, 66Xy 44TJUR3, A3, S4INLET, 65X, F8.23,
5Xy F8e2y 3X,

FBe2y 2Xy FT7a3y 33Xy F7e3y 2Xy “Te3y 2Xy FTe3y 2X,
F8sEy 2X,

F7e¢53 2Xy F7e43 )

153 FORMAT ( 1H , 66Xy 4HTURB, A3y S54EXTIT , 65X,y F8.3,
55Xy FBe2y 3IXy

FBe 2y 2Xy F7e3y9y 3Xy F7e3y 2Xy 73y 2Xy F743,y 2X,
F8e¢5 )

154 FORMAT ( 1H , ©6Xy 44TURBy A3y L4EXIT, 7/ 1H , 8X,
$ 12HPLUS COOLIN
1Gy 33Xy FB8e3y 5Xy FBe2y IXy FBe2y 2Xg F7e3y 33Xy F7e3,
32Xy F7e3y 22Xy
2FT7e3y 2Xy FBe5 )
155 FORMAT ( 41H , 6Xy L7HEXHT/STATIT COND , FB8e3y 55Xy
FB8e2y 3X,

FBe2y 2Xy FTe3y 3Xy F7e3y 2Xy 743y 2Xy F743, 2X,
FB8e5y 20X,

F7.5 ) :
15b FORMAT ( /7 7/ 4 5Xs 16HALTITUDZI (FT) = , F3.,0 ) by
157 FORMAT SXy 17HSPEZD OF SOUND = 4 F742 )

158 FORMAY { 55Xy 29HDELTA TEMP FR0OM 1962 ATMOS = 4, F5,2
$

N &= e N -

©® 9

N A r-+ &

Lol

)
159 FORMAT ( 5X, 30HDELTA PRZSS FROY 1962 PRESS = ,
$ Fhe2 )

160 FORMAT ( / , 5X, 203HNO DJF S0MP STAGES = , I1 ) 4
164 FORMAT ( SX, 2JHNO JF TURB STAGIS = , I1) é
162 FORMAT ( /7 4 SX, 18HDESIGN SHAFT HP = 4, F10.4 ) i
163 FORPMAT ( 5Xy 16HSHP EXTRACTZD = 4 Fi0e.5 ) i
164 FORMAT (

5Xy 28HSHP £XTRACTIDy 30R FOR SL = 4 F10e3 i
$) ;
165 FORMAT ( 5X, 34HSHP EXTRACTI), SOR FOR MECH EFF = ,
$ F10.5 )

166 FORMAT ( 5X, 31HHP IXTRACTED FI ACCESSORIFS = ,
$ FSe3 )

167 FORMAT ( 5X, 20HHP NEEDED FOR L2 y F7¢3)

168 FORMAT ( 5X, 20HHP NEEDZID FOR HPC F15.5 )

169 FOKRMAY ( 7/ , SX, 23HCALZULATED FUEL FLOW = , FO.k
$)

170 FORMAT ( 5Xy 17HFUCL “LOAN CIEZF = 5, F15.,5 )
174 FORMAT ( 55X, 4SHMAIN COM3 FUZL 4FATING VALUE AT T&
$ FOR J2L =
1 F8es1 ) |
172 FOIMAT ( 7/ » 55Xy, 23HWNRK 0F LP3 (B8TU/LB) = , F6.3 3
$)
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182
183

184

188

186

187

163

.89

196

FOIMAT ( 55X, 3I3HLPC SFAL LEACASZ FLOW FRACTION = ,
b F7.5 )

FORMAT ( / 4 5X, 23HWORC OF HP2Z (RBTU/LB) = , F7.3
$)

FOIMAT ( 55Xy, 3I3HHPC S:A. _EACASZ FLOW FRACTION = ,
$ FB8s5 )

FORMAT ( / 4 S5Xy, 13HHPT WORK PERCENT = 4, F5,3)

FORMAT ( 5Xy 20HHORSEPOWZIR 27 42T = , Fi15,.,5)

FORMAT ( /7 4 5Xy, 13H.PT WORK PEI?CENT = 4, F5.3 )

FOIMAT ( 5X, 20HHORSEPONZIP JF L2T = 4, F1F,5 )

FORMAT ( ©X, 32HTHI3S IS ACTUALLY A POWER TURBINEZ )

FORMAT ( 7/ 4 BXy 13HNET THRRUST = , F10.5 )

FOIMAT ¢ 5X, 15HGROSS THRUST = , Fi0.5 )

FORMAT  ( 55X, 23HNET THRUST/INGINEZ AIRFLOW = , F105
3$)

FORMAT ( 5Xy, 14HTHERIMAL :-FF = , F8,5 )

FORMMAT  ( 55X, 24HEXHAUST C-XIT VE_OCTITY = , 19X, F9,2
$)

FORMAT ( 55Xy %1HENGINZ UNINSTAL.ZD SFC (LB FUEL/HR=-
$ HP) = 9 FBelt
i )

FORMAT ( 34HO, 12HLPZ NIT USZ) )

FORMAT ( 1HO, 4LA¥** ERRII IN COMPRESSOR INPUT

$ PARLMETERS **%,

L 7 5 EX, BHPRLPC = 5 F742, 43X, BHPRHPE = , F7,3,
$ 4Xy 9HETALPC =
2y F9e5y u4Xy YHZTAHPC = 4 F3,5 )
FORMAT ( 1HO, 434*¥* ERPIR [N SOMBUSTOR INPUT
$ PARAMETERS **¥%, ¢
1 s 55Xy BHWF4OS = 4y FBe2y LX, HHTL = , F7.,2, 4X,
3 7HETAS = , F8.5
2 )
FORMAT ( 1HO, 41H*** ERROR [N TJRBINC INPUT
T PARAMRTERS ***, / ,
b § 5Xy BHPRHPT = 4, F5.3, L, 74PRLPT= 5, F543y 5X,
¢ SHETAHPT = ,
2 FSe2y 4Xy IHETALPT = 4, “542 )
END
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SUBRJUTINC ATMOS (HFT, T4, IJSLTA)
THIS IS A SUBKQUTINE TO COMPJTE CERFAIN LELEMENTS OF THE
3 1962
UeSe STANDARD ATMOSPHERZ UP TO 39 KILOMETERS,
CALLING SEQUENFCE..o

TALL ATMOS (HFT, TM, DZLTA)

HFT = GZCPOTINTIAL A_TITJOE (FEFT)
™ = MOLECULAR SCALE TEM?ZRATURE (DEGREES
$ RANKI NE)
DELTA = RATIO OF 2RZISSURT TD THAT AT SEA LEVEL

ALL CATA AND FUNDAMFENTAL CONSTANTS ARF IN THF METRIC
$ SYSTEM AS
THESE QUANTITIES ARE DcFINZID AS EXAST IN THIS SYSTEM,

THE PADIUS OF THE EAITH (REFT59) IS THE VALULE

OOUCLOOOOOCCOOOCGaLOLG OO

3 ASSOCIATED WITH THE
19%9 ARDC ATMOSPHERF SO THAT PRIGPAMS CURRENTLY USING
3 THE LIBRARY
ROUTINE WILL NOT RZQUIRE ALTEZRATION TO USF THIS
: $ ROUTINE.
; DIMENSION ALM (10), DELTAB (13), HB (10), TMB (10) .
‘ DATA (HB(I1), I=1, 10) 7 = 3¢9 Doy 11., 20-, g
$ 32¢y 47ey 520, :
_ 1 6ley 79.y 884743 / ¥
* DATA (TMB(I), I=1, 10) / 320,65, 288415, 216,65, :
1 3 210465,
1 228 .65y 27Ge65y 27)e659 252,65y 180,65, 180,65 /
DATA (DELTAB(I), I=1, 1M / 1,753563, 1., E
$ 2.233610 - (1, X,
] 1 5040328t - 2y 845560635 =~ 33’ 1094557 - 3, -
$ 5.82289% - 04,
2 1,79718% - Oby 1,02L1E - ©5, 1,5223E - 06 /
DATA (AL"(I), I=1, 10 7/ - 5.5, - 6.5, ”o, 109
$ 28y Doy
1 - 209 = bLey 0oy 80 7/
’ DATA RFFT59 / 2.0858534Fi? /7y 5Z 7/ 9.806CF /, AMZ
f $ /7 28.9644 /,
i i RSTAR 7 8431432 /9y FTTOKM 7 3,NUBE = 0% /
i C CONVEIRY GEOPOTENTIAL ALTITUDE TO SEQMETRIC ALTITUNE

ZFT = HFT ®* RSEFT59 /7 (RIFT52 = HFT)
G CONVERT HFT ANO ZFT TO KILIMLETZIRS

7 FTTOKM * 2°7

H FTTOKM ® HFT

IF (H oLTe =5e0 eORe Z o5ie 3040) GO TO 6
00 1 M = 1, 10
IF (H - HB(M)) 2, 3, 1

1 CONTINUL
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GO TO0 6

2 M =M -1
3 DELH = H - H3{M)
IF (ALH(M) +&Qe CoC) 0O T &4
TMK = TMB(M) & ALM(M) * DT _H ,
SGPADIENI IS NON ZERu, PA>Z 10, E2JATION I.2.10=(3)
bz Ta = DELTA(M) * ((TH3(M) / TMK) *% (GZ % AMZ
$ / (RSTAR *
1 ALM(M))))
GO TOo &
b TML = TMRMM)
SPADIENT IS ZtERO0y PAGE 1Jy EQJUATION [42,40~(4)
DFLTA = DELTAB(M) ®* ZxP( = GZ * AMZ * DFLH /
$ (RSTAR *
1 TMB(M)))
TONVEKSION TO ENGLISH UNITS
> TH = 1.8 % TMK
6 KETURN
END
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SUBFOUTINE PROCOM (FARX, TEX, CSEX, AKFX, CPEX,
$ REX,y PHI, HTX)
C #*% CALLULATES THERMO GAS PROPIRTIES, AIR OR UP=4/AlR

c $ MIXTURE
* COMMON /ZWPAF R/ TICOINT
IF (FARX oLEe G4057623) G T) 1
FARX = 0.067523

WRITE (6, 104)

1 IF (TESX <GEe 3C0s) GO TO 2
TEX = 300.
IF (ICOUNT «GTe 1) GJ TO 2
WRITE (6, 101)

2 IF (TFX oLEe 40u0s) 50 TO 3
TEX = 4000,
WRITE (6, 102)

3 IF (FARX +GEe 043) G) TO &

F ARX = 0.0
WPITE (&6, 103)
C AIR PATH
4 CPA = ((C0((1.11155LNE -~ 25 * TEX = 1.4526770F
- 21) * TEX |

+ 7.6215767E = 18) * TiX = 1,5128259% =~ 14) * TEX
- 647178376E
- 12) * TEX + 6.55194865 = 08) * TEX = ,1536879F y
- i5) * TEX + :
2.5020054E - N1 |
3 HEA = ((C0C((1e 2604U2FT = 26 * TFX =
| 2.0752522€ - 22) * T:IX
¢ 1,27026306 = 18) * TIK = 2,0256518E = 15) * ToX
- 1,6794594F
- 12) * TEX + 2,1839823: = 08) * TEX = 2,5768L4IE
- 05) * TEX +
205724051& = M1) * TiX - 1,755888AE # 00
SEA = 4 2.502)0517 - )1 * ALOG(TEX) +
(CC((1,4450767E -
26 % TEX = 2,4211298% = 22) * [FX ¢ 1,5243153C -
18) * TEX -
3,7820648E - 15) * TEX = 2, 23327995 = 12) * TEX +
342759743 =
08) * TEX - 5.1576879F = 15) * TEX + 454323105 -
02
IF (FARX «EQe 0.6) GJ TD 5
FUEL/AIR PATH
CEF = ((((((7,2678710k = 25 * TeX = 1,3335668F
$ - 26) * TEX
1 4 1,0212913E - 16) * TEX = 4,2051106E - 13) * TEX
$ + 9,9666793F .
2 = 10) * TEX = 1,37743M43 = OF) * TEX + 1,2258630E 1
$ - 03) * Tex + i

Wer N A ®»

WO N s

PBUBMN N

(9]
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(9]

W RN S o (71

W N = R

130
$

703810638t = N2
HEF = (((((((9,JBuB38BE =~ 25 * TEX =~
1,9050949% - 21) * T:IX

+ 1,7021525E = 17) * TCX = BeL1C2708E - 146) * T_CX
+ 2.+4921698E :

- 13) ¥ TEX = 445916332 = [7) * TEX ¢ €£,1293150%
- QL) * TEX +

73816638 = v2) * TEX + 3,0581530E€ ¢+ N
SLF = + 7.3816638E - 02 * ALOG(TEX) +
(001403826700 =

28 * TEX = 242226.iL18E = 21) ¥ TZX + 2.,0425826F -
17) % TeX -

1.0512776¢F - 13) * TEX + 3,3228928E = 1l) * TEX -
9¢8059595L -

u7) * TEX + 1.2258030E - N?) * TEX + He483I39RE -
vl
CPEX = (CPA + FARX * CPF) / (14 ¢ FARX)
HEX = (HFA + FARX * HEF) /7 (1. + FARX)
PHI = (SEA + FARX * SEF) /7 (1. + FARX)
AMHW = 28497 - ,9456188 * FARUX
REX = 1,986375 / AMA
AKEX = CPEX /7 (SPIX = RIX)
CSEX = SORT(AKEX * RIX * TIX * 25§31.37)

RETURN i

FORMAT ¢ 1HO, 63HIN2UT FULL=-8IR RATIO ABOVE LIMITS,
IT HAS 3EEN

IRESETTO Jde 007023, 6HIST2E3 )

101
3
i

102
s
1

103
$
1

FORMAT ( 1HU, 3SHPKJCOM INFUT TIMP=RATURE RELOW
3u0ey BHE3TBES

)
FORMAT ( 1HO, 36HPRICIM INFUT TIMPERATURt ARQVF
LiJCey EHTPB3 3T

)

FORMAT ( 1HO, 38HPRICOM INFJT FIFL=AIR RATIO BELOW
ZERO,
6H333383 )

END
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SUBROUTINF THERMO (X HXy TX, SX, AMX, CPT, GA, L,
$ FAR, K)
C *** THEPMODUNAMIC PROPEKTICS BASED ON PROCOM

COMMON /WPAFB/ ICOUNY
* ICOUNT =1

FX = 0,

IF (L EQe 1) FX = FAR

IF (K «Q¢ 1) GO TO L

CALL PrOCOM (FX, TXy LSy 4Ky CPy Ry PHI, HX)

4 60 T2 3
o 1 TX = Lo * HX
b 00 2 1 = 1, 15
CALL PROCOM (FXys TXy CSy A<y C2y Py PHI, H)
ICOUNT = ICOUNT + 1
DELH = HX = H
IF (ABS(DELH) oLEes D.00001%4X%X) 50 TO 3
2 TX = TX ¢+ e * DELH

WRITE (6, 100)

E 3 SX = PHI = R * ALOG(PX)
1 AMX = 14986375 / R

cet = CP

GA = AK

RETURN

100 FORMAT ( 31HONO CONVERGENCE IN THTRMOSS§tSS )

(3]

it END
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SUBROQUTINL 6OMo (PIN, TOJT, HIN, FTA3, OFB, POUT,
$ HOUT, SOUT,
1 FAROUT, HV)

3 *#% COMPUTES STOICHIOM=TRIC TcYPEAATIIF IN COMRUSTOR - IF
c $ HEATING ,
C VALUE FOR FUEL AND w7 4DS ARc NOT INPUT, Tt, FTAS,
o 3 DPB ARE INPUT,
OIMENSION X (9)
, X(2) = 0.9
M X(3) = 0,0
P0ouUT = PIN * (1,0 - JPR)
HV = ((({{( = 4459L317% = 19 * TNUT) =
$ «203%110F - 15) *
1 TOUT + 2783643 = 11) * TIJT ¢ «2051501E - 07) *
$ TOUT =~
2 22453116k = ©3) * fOUT = 34332367 = n1) * TOUuT +
P «e1845537F +
3 G5
CALL THERMO (POUT, HOUTA, TOJT, X1, X2, X3, Xy 0y
$ (ely C)
FAROUT = (HOUTA = HIN) 7 ((HV * ETAB8) = (HOUTA -
$ HIN))
FARS = FAROUT
CALL THERMO (POUT, HIUT, TOUT, S53JT, Y1, Y2, Y3, 1,
i T FAROUT, ©)
* 1 DFLFAPR = (FARS = FAR0UT) 7 FAROUT
CALL AFQUIP (X, TOUT, Dc."AR, Ces 15¢9 «0.01, 495,
$ TNEW, ICON)
IF (ICON = 2) 2y Ly 2
3 2 Tout = TNFW
" HV = (((((( =~ (4594347 - 19 & TAUT) - :
4 $ +2034116F -~ 15) * ;
g ' 1 TOUT + .,27836433Z = 11) * TIOUT ¢ 42U51501E - e7) * !
i $ TOUutT =- i
: 2 W245311LE - 03) * TOUT = ,3433236F - 1) * TOUT +
$ +1845537F +
3 ns
CALL THERMO (POUT, HJUTA, TO'J"’ X1, XZ, X3, Xio, 0’
$ Caly L)
FAROUT = (HOUTA =~ HIN) /7 ((HY ® FTAB) =~ (HIUTA =
$ HIN))
GO T0 1
L 3 WRITE (6, 100)
i W CALL THERMO (POUT, HUT, TOUT, SOUT, X1, X2, X3, 1,
$ FAROUT, 0)
RFETURN
100 FORMAT ( 46H STOICHLOMETRAC TEM> WTLL NOT CONVERGFK
$ IN COMB )
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SUBROUTIN:E COMB2 (PIN, TIUV, HIN, <TAB, DPB, POUT,
3 HOUT, SOUT,
! FARGLy HV)
S *%% SIMILAR TO COMB - HFEATING VALJZ FIOR FUESL IS OPTIONAL,

¢ USER MUST INPUT Tw, ITAB, DPB, WZ4DS,
DIMENSION X (9)
X(2) = 0od
: X (3) = (of
4 POUT = PIN * (1.3 - JPN)
: 1 CALL THERMO (POUT, HDUTA, TOJT, X1, X2, X3, X4, 0,
H $ 000’ 0)
! FARQUT = (HOUTA = HIN) 7 ((HV * £TAB) - (HOUTA =
: $ HIN))
4 FARS = FAROUT
b DFLFAR = (FAR4 = FARS) / TAW
DIR = SQRT(FARY ¢/ FARS)

CALL AFQUIR (X, TIUT, DELFAR, 0e¢y 20¢y +0.01, DIR,
3 TNEWy ICON)
3 IF (ICON ~ 2) 2y 4y 3 :
i 2 Tout = TNEW
3 60 10 1
3 MWPITE (6, 120)
4 CALL THERMO (POUT, HOUT, TOUl, SJOUT, Xi, X2, X3, 1,
i3 3 FAR4y C)
g KTTURN

160 FORMAT ( 47H STOICHIOMETRIC TEM> WILL NOT CONVERGE
$ IN COMR2 )

<)

END




KOSV
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c

SUBROUTINL AFQUIR (X, AIND, DE®IND, ANS, AJ, TOL,
$ DIRy ANCH,
1 ICON)
*%% QUAGRATIC CONVERGENCE RIUTINE FOR INTERPOLATION
X(1)=NAMZ OF ARRAY TO USE
AIND=INDL PENDANT VARIABLE
UcPEND= ODEPENDANT VARIABLSZ
ANS=ANSWER UPON WHICH TQO ZONVcRGE
AJ=MAX NUMARER OF TRYS
TOL=PERGCENT TOLERANCE FOR GCONVIRGZNCZ
DIR=DIFECTION AND PERCZNTAGZ FIR FIRST GUESS
ANEW=CALCULATED VALUE OF NEXT TRY AT TNDWPENDANT VARIAHGLF
ICON=CONTROL =1 GO THRU _O0JP AGAIN
=2 YOU HAVE REAGHED TH45 ANSHER
=3 COUNTEK HAS HIT LIMITT
X{2)=COUNTTR STORAGE
X{3)=CHJ3OSES METHOD OF CONVERGINCE
X(4)=THIRD DEPEND VAR
X(5)=THiIrD IND VAR
X(6)=SFCOND DEPEND VAR
X(7)=SECOND IND VAR
X(8)=FIRST DEPEND VAR :
X(9)=FIRST IND VAR :
X{3) MUST B8t ZFRO UPON FIRST ENTRY TO ROUTINFE :

DIMENSION X (9)
Y = (s
IF (ANS +cQe 0) GO 7D ¢

DEP = DEPEND - ANS
TOLANS = TOL * AN3
60 10 2
1 DECP = DEPEND
TOLANS = TOL
2 IF (ABS(DEP) e+Lte TOLANS) GO TD 3
IF (X(2) - AJ) by 29 5
3 ANEW = AIND
X(2) = 0,
ICON = 2
RETURN
4 ANEW =Y
X(2) = X(2) ¢+ 1,
ICUN =1
RFTURN
5 ANENW =Y
X(2) = 0o
ICON = 3
RETURN

6 IF (X(3) .6GT. ¥) GO TO 1°
#¥® FIRST GUESS USING NIR
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10
C ¥*+

C *#%+

12

13

it

i5

1o

i7

X(3) = 1.

X(8) = DEP

X{9) = AIND

IF (AIND) 8, 9, 8

Y = DIR * AIND
GO TO &

Y = DI®

GO TO &

IF (X(3) = 1.) 131, 1i, 12
LINEAR GUESS

X(3) = 2

X(6) = DEP

X(7) = AIND

IF (X(8) «EQe X(B) 4IRs X(9) +EQAs X(7)) GO YO 7
A = (X(9) = X{(7)) /7 (X(8) = X(6))

Y = X(9) - A ¥ X(8)

IF  (ABS(iGe * X(9)) =~ ABS(Y)) 7y 7y &
QUADRATIC GUFSS

X(4) = DEP

X{5) = AIND

IF (X(7) +EQe X(5) +ANJs X(6) «EQs X(4)) GO T 7
IF (X(7) oNEs X(5) +ANDe X(6) oNEs X(&4)) GO TO 13
G0 TO 11 :

IF (X(9) «CQe X(5) +ANDs X(8) oC2s X(4)) GO TO 1&
IF (X(9) oNEs X(5) +ANDe X(8) oNE, X(4)) GO VO 15

X(3) = X7
X(8) = X(6)
60 TO 114

X {(9) = X(7)
X(8) s X{6)
X(3) = 1.

IF (X(9)) 8, 9, 8 S
F (X(6) = X(4)) /7 (X(7) = X{(5)) -
A = (X(8) = X(4) - F * (X(3) = X{(%))) /
((X(9) = X(7)) *
(X(9) - X(5)))
B = F = A% (X(B) ¢ X(7))
c = X(4) ¢ X(5) * (A * X(7) = F)
IF (A +EQ. 0 «ANDs 8 +E2s 0) 50 7O 5
IF (A oNEs 0 o+ANDe 8 <NEs 0) 50 TO 16
IF (A «NE. C <ANDe 3 oNE. 08) GD TD 18

Y = =-=C/ B

60 TO 27

IF (C o+NE. 0.0) GO T3 17

Y = 0.

60 T0 27

19 = =G/ A .
IF (G oLEs 0ed) GO T7 35 |
Y = SQRT(G) ;
Yy = ~ SQRT(G) s




GO T0 22 y
18 IF (C oNEe. 0,8) 62 1D 19

Y = =8/ A
Yy = 0, ’
GO TO 22

19 O = 4o *A*T /7 3 % 2

IF (1. - D) 11, 2%, 21

2u Y = ~-8/7 (2, * 1)
GO Y0 27
21 = = SQRT(L1e = D)
\f = { =B/ (2, * A)) ¥ (1. ¢+ B)
Yy = (=B/7 (2¢ * A)) * (1s - &)
22 J = &
07 23 1 = 6y 8, ?
IF (ABS(X(4)) +LE. ABS(X(I))) 30 TO 23

J =1
23 CONTINUE
K = J + 1
IF ((X(K)=Y)* (X(K)=YY)} +LE. 1Jo™ GO TO 24
IF (ABS(X(K)=Y) oLEe ABS(X(K)=YY)) GO TO 27

Y =YY
60 TO 27
24 IF (J «GE. 6) GO TO 25
JJ = J + 2
KK =K ¢+ 2
GO TO 26
25 JJ =J -2
KK = K = 2
: 26 SLOPE = (X(KK) = X(K)) 7 (X(JJ) = X(J))
H IF (SLOPE*X(J)*(X(K)=Y) o53Te e GO TO 27
! Y = vy
27  X(9) = X(7)
X (8) = X(6)
X{?) = X(5)
‘ X (6) = X (&)
{ GO TO &
L END
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